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Summary

DNA sampling at the Tracy Fish Collection Facility (Central Valley Project) and
John E. Skinner Delta Fish Protection Facility (State Water Project) for juvenile Chinook
salmon estimate the timing, abundance, and proportion of different races of Chinook
salmon leaving the Sacramento-San Joaquin Delta. The advent of DNA typing has
substantially improved the capability of identifying distinct Chinook races, compared to
the size-at-date criteria method (Johnson et al. 1992), that is still in use. Fin clips are
used to obtain tissue samples for genetic analysis and are widely used fisheries
management for marking individual fish. Genetic data are critically needed to conserve
and manage endangered and threatened fishes, and should not directly or indirectly
compromise their survival, especially considering their diminished population sizes. It is
still undecided in the scientific community if fin clipping causes harm and affects
survival. Some data suggest that fin clipping can greatly reduce survival and hinder
growth (Saunders and Allen 1967, Shetter 1967, Webber and Wahle 1969, Coble 1971,
Nicola and Cordone 1973, O’Grady 1984, Bergstedt 1985, Hansen 1988), and in
addition, extensive fin damage caused by tissue sampling can result in compromised
survival (O’Grady 1984). Conversely, fin clipping has also been shown to have no effect
on survival or growth (Armstrong 1947, Radcliffe 1950, Horak 1969, Gjerde and Refstie
1988, Conover and Sheehan 1999, Pratt and Fox 2002, Vander Haegen et al. 2005,
Champagne et al. 2008). Fin clipping could adversely affect swimming performance,
predator avoidance, and the ability to find and capture prey. Handling and severing fins
is known to be stressful to fish (Sharpe et al. 1998, Barton et al. 2002) and provide a
potential vector for bacterial infection (Elliot and Pascho 2001, Vander Haegen et al.
2005). Decreased survival of fish can result when physiological stress responses remain
elevated and become debilitating, leaving fish vulnerable to predation or swimming
challenges (Barton 2002, Portz 2007). A few studies have examined the effects of fin
clipping on swimming velocity (Radcliffe 1950, Horak 1969, Champagne et al. 2008);
however to our knowledge no studies involving burst swimming have been performed.
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Burst swimming is important in evading predators, catching prey, and danger avoidance
(Portz 2007). An assessment of the effects of fin clipping of juvenile Chinook salmon for
DNA sampling at the Tracy Fish Collection Facility and John E. Skinner Delta Fish
Protective Facility is needed to address whether fin sampling may inadvertently be
compromising these fish after release. It is important to conduct an evaluation under on-
site conditions so fish would be exposed to the array of natural occurring environmental
factors including potential pathogens and water quality.

The research portion of the project was successfully completed in FY 2010 and
data collected needs to be analyzed. This information will be organized into a Tracy
Volume report.

Problem Statement

Handling, anesthetizing, and taking fin tissue samples of juvenile Chinook salmon
for genetic analyses at the Tracy Fish Collection Facility and John E. Skinner Delta Fish
Protection Facility may compromise survival. While genetic data are crucial to conserve
and manage this species, tissue sampling should not directly or indirectly compromise
their survival, especially considering their diminished population sizes. An assessment of
the effects of fin clipping is needed to address whether the fin sampling protocol may
inadvertently be compromising fish health and survival after release.

Goals and Hypotheses

Goals:
1. Determine if handling, anesthetizing, and fin clipping for DNA samples affect
juvenile Chinook salmon physiological stress.

2. Determine if handling, anesthetizing, and fin clipping for DNA samples affect
scale loss and external tissue damage in juvenile Chinook salmon.

3. Determine if handling, anesthetizing, and fin clipping for DNA samples affect
the burst swimming performance of juvenile Chinook salmon, possibly
hindering their ability to avoid predator capture

4. Determine if handling, anesthetizing, and fin clipping for DNA samples affect
the short-term survival (168 h) of juvenile Chinook salmon.

Hypotheses:

1. If fin clip tissue sampling is physiological stressful to juvenile Chinook
salmon, then fin-clipped fish should have heightened plasma cortisol, glucose,
and lactate concentrations compared to unclipped (control) fish and those
handled but not clipped.

2. If fin clip tissue sampling affects scale loss and external tissue damage in
juvenile Chinook salmon, then fin-clipped fish will have greater areas of skin
ulcerations and damage compared to unclipped (control) fish and those
handled but not clipped fish.
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3. [If fin clip tissue sampling affects the burst swimming performance of juvenile
Chinook salmon, then maximum swimming velocities of fin-clipped fish will
be slower and maximum C-start angles higher (less bending) compared to
unclipped (control) fish and those handled but not clipped.

4. If fin clip tissue sampling affects the short-term survival (168 h) of juvenile
Chinook salmon, then fin-clipped fish will have greater mortality compared to
unclipped (control) fish and those handled but not clipped fish.

Materials and Methods

Source and Care of Fish

Sacramento River Chinook salmon (Oncorhynchus tshawytscha) used in this
study were obtained in March 2010 from the Feather River Hatchery (Oroville,
California) and transported to the Tracy Fish Collection Facility (Byron, California).
Juvenile fall-run Chinook salmon were maintained in 757-L circular tanks equipped with
aerated, well water /Delta water mix. Fish were held under a natural photoperiod (37° 44'
23" N latitude) with natural and halogen light, and fed Silver Cup salmon feed pellets
(Nelson and Son, Inc., Murray, Utah) at 1.5-2% body weight per day. Treatment and
control salmon were marked with implanted, colored microspheres on the dorsal fin with
a high pressure needle (Photonic tagging; New West Technology, Arcata, California) to
consolidate fish when holding 168 h to conserve tank space.

The Experiment: Effects of Fin Clipping

The experiment was compromised of three groups of juvenile salmon (ca.
90 mm): (1) control, (2) handled but not caudal clipped, and (3) handled/fin caudal
clipped fish. The handled/fin clipped fish undertook the normal tissue sampling protocol
of netting, anaesthetizing, handling, excising the upper lobe of the caudal fin, and
releasing into one of two holding tank conditions: (1) raw Delta, and (2) filtered/sterilized
water with 4%o sodium chloride and 0.14ml/L Polyaqua® (Kordon, LLC; Hayward,
California). The same procedures were performed on the handled-only fish, except for
tissue sampling. Water quality (i.e., temperature, dissolved oxygen concentration) in the
holding conditions will be monitored throughout the study. Twenty-four replicates of
each group were collected each month for April, May, and June 2010.

Physiological Stress Response

A control fish was captured and removed from previously undisturbed 757-L
tanks with modified 10-cm x 18-cm dip nets with a 1.5-L plastic reservoir sewn into the
cod-end, so that fish could be transferred in water to minimize stress. All transfers of
control fish were accomplished quickly (<30 s) with minimal disturbance and handling
trauma to the fish. Treatment fish were handled and sampled according to standard tissue
sampling protocol used by fish facility personnel. Control and treatment fish were
quickly transferred to a bath containing a lethal dose of tricaine methanesulfate (MS-222,
Argent Chemical Laboratories, Inc., Redmond, Washington; 200 mg/L), which
immobilizes them in less than 30 s. This anesthetic dose inhibits stress-related increases
in plasma cortisol concentration in salmon. Blood was collected from the severed caudal
peduncle in 40-pl, heparinized microhematocrit capillary tubes. Blood samples from the
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treatment groups under the two holding conditions were collected at 0, 2, and 168 h post-
treatment. Weights (£0.01 g) and measurements (TL, £1 mm) of each fish using an
electronic balance and fish measuring board were recorded. Collected blood was
immediately centrifuged using a microhematocrit centrifuge (Clay-Adams Autocrit
Ultra3) for 4 min at 12,000 x g to separate the plasma from the packed cells (Becton
Dickinson Diagnostics, Sparks, Maryland). Hematocrit (packed cell volume) was
measured shortly after collection. Plasma obtained from each fish was transferred into a
plastic cryogenic freezing vial and temporarily stored on dry ice (solid carbon dioxide, -
40°C). These samples were then shipped to Denver, Colorado, were they are being
stored in a -80°C freezer for storage for analyses of plasma cortisol, lactate, and glucose.
If there is enough remaining plasma we would like to run additional tests for osmolality,
sodium, potassium, and chloride. This additional information will provide greater
evidence in the short-term benefits of using salt and Polyaqua® water treatments to
combat stress and resulting hydromineral imbalances. Plasma cortisol concentrations
will be measured using a modified enzyme immunoassay (ELISA) at the University of
California, Davis Endocrinology Lab, and plasma lactate and glucose will be measured
with a polarographic analyzer (YSI 2700 Select, Yellow Springs Incorporated, Yellow
Springs, Ohio) in the Fisheries and Wildlife Group’s Fish Physiology Lab.

External Tissue Damage

Scale loss and external tissue damage was determined in the control and the two
treatment groups immediately post-treatment and after a 168-h holding period in 190-L
tanks using fluorescein (AK-Fluor®, Akorn, Inc., Decatur, Illinois). Fluorescein is a
nontoxic fluorescent dye that can be used to rapidly and easily detect scale loss and tissue
lesions and ulcers by binding to breaks or tears in the epithelial barrier of soft tissue. Fish
were euthanized in a MS-222 bath (200 mg/L) and transferred to a solution of 0.20-mg
fluorescein/1ml water for 6 min and then rinsed in two separate clean water baths for
3 min each. Fish were immediately examined for skin damage under an ultraviolet light
(Model UVGL-58, Mineralight, Upland, California). Photographs were taken in
complete darkness under ultraviolet light using a Nikon D-100 digital camera. We are
currently analyzing for severity of tissue damage and external bacterial and fungal
infections. Total damaged area of each will be quantified. Weights (£0.01 g) and
measurements (TL, £1 mm) of each fish using an electronic balance and fish measuring
board were recorded.

Swimming Performance

Effects of handling, fin-clipping, and post-clipping holding environment on
swimming performance of juvenile Chinook salmon were tested using two daily
calibrated annular swimming flumes. For each replicate juvenile salmon were quickly
transferred, via water-to-water, to a swimming chamber, exposed for 1 minute to a
“warm-up” velocity equivalent to approximately one body length/sec (10 cm/s) and then
exposed at a rate of 5 cm/s to a velocity of 80 cm/s until failure. Failure was defined as
three successive impingements on the downstream screen in the test chamber. Our pilot
data indicated a velocity of 80 cm/s was near their bust swimming speed and was selected
to be representative of the speeds required by fish to evade possible predation upon
release. Swimming performance was determined for control fish (pre-treatment) and
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immediately after treatment. No swimming test were conducted after the 168-h holding
period. Weights (£0.01 g) and measurements (TL, =1 mm) were recorded for each fish
using an electronic balance and measuring board after testing.

168-Hour Survival Monitoring

Survival was determined over a 168 h holding in 190-L tanks with raw Delta
water for control and treatment groups. Tanks were examined daily for mortalities and
those fish carefully removed so water quality is not degradated. After 168 h, surviving
fish were counted, weighed (+0.01 g), and measured (TL, +1 mm) using an electronic
balance and fish measuring board.

Data Analyses

Statistical analyses will be performed using Sigmastat 3.0 (Jandel Scientific, San
Rafael, California) software package. Differences between treatments and controls were
tested using a factorial random complete block design (RCBD) analysis of variance
(ANOVA; Zar 1984, Steel et al. 1997). The Tukey’s test will be used for all pair-wise
multiple comparisons for parametric data. The Shapiro-Wilk’s test for normality and the
Levene’s test for homogeneity of variances will be used to determine ANOVA
assumptions. Data that does not meet the ANOVA assumptions and is unable to be
power or log transformed will be compared with a Kruskal-Wallis non-parametric
ANOVA on ranks with the Dunn’s test for pairwise multiple comparisons (Zar 1984,
Steel et al. 1997). Differences will be considered significant at P <0.05.

Coordination and Collaboration

This research was a collaborative effort between Fisheries and Wildlife Research
Group staff, Tracy Fish Collection Facility biologists and Operation staff. Research will
be coordinated directly with the Tracy Technical Advisory Team, Tracy Fish Facility
Improvement Program Manager and the Tracy Fish Collection staff.

Endangered Species Concerns

This study did not involve the use of wild endangered or threatened species.
Chinook salmon were obtained from the Feather River Hatchery (Oroville, California).
Applicable state and federal permits were obtained to conduct research with this species.

Dissemination of Results (Deliverables and Outcomes)

The primary deliverable will be articles published in both the Tracy Volume
Series and a peer-reviewed scientific journal. Technical updates will also be provided to
the Tracy Technical Advisory Team and the Central Valley Fish Facilities review Team.
Additional information will be supplied to National Marine Fisheries Service and the
U.S. Fish and Wildlife service for reevaluating their Chinook salmon tissue sampling
protocol.
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